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INCREASING THE WEAR RESISTANCE OF THE WORKING BODIES
OF TILLAGE MACHINES BY ELECTRICAL DISCHARGE MACHINING

Abstract

In this work, the effective technological parameters of electrical discharge machining for increasing the wear resistance of
steels operating under abrasive wear conditions were determined. It has been established that the optimal technological parameters
of electrical discharge machining are as follows: current 350-450 A, voltage 45 V, temperature of the working environment 30-40 °C.
According to the results of the studies, it was found that the most significant effect on the wear resistance of the treated surface is
the current strength, since it affects the quality of the surface layer melting and the depth of processing. Another significant factor
is the temperature of the dielectric cooling medium: with an increase in the temperature of the cooling medium, the surface cooling
rate cannot meet the conditions (200 °C/s) for the formation of martensitic structures, and with a decrease in temperature, internal
stresses occur in the hardened surface, which lead to the formation of microcracks. As a result of electrical discharge machining, the
microhardness of the treated layer increases for X12 steel within 12—12,8 GPa, for 651 steel within 10,5-11,2 GPa, and for 45 steel
within 7,3-8,2 GPa. The hardness increase is due to the formation of a fine-needle martensite structure and alloying of the surface
layer with Mn, Si, Ni and Cr.

1t has been established that the use of electrical discharge machining increases the wear resistance of 651" steel when operating
on soils with different mechanical composition, abrasive properties, and various external factors by an average of 60-80%.

The use of electrical discharge machining to strengthen the working bodies of disc tillage tools made of 651 steel allows to
increase wear resistance in comparison with: serial ones — by 1,76 times, with the working surface strengthened by T-590 electrode — by
1,1 times, with the working bodies of Bellota (made of 28MnB35 steel) — by 1,16 times. In addition, during the operation of the working
bodies hardened by electrical discharge machining, the effect of self-sharpening was observed, which in turn contributed to a decrease
in traction resistance by 4—16% compared to the serial ones.

Key words: steel, hardness, electrical discharge machining, wear resistance.

Introduction. The world’s food security largely depends on the efficiency of the agricultural sector, where mech-
anization of field work plays an important role [1]. Soil cultivation (plowing, cultivation, etc.) is one of the most ener-
gy-intensive stages that requires reliable and wear-resistant working parts of agricultural machinery. Components such as
plow ploughshares, disk knives, and cultivator tines are subject to intense abrasive wear during operation due to contact
with soil particles. This leads to a gradual loss of material, a deterioration in the quality of tillage, and increased fuel
consumption and repair and maintenance costs. Studies have shown that wear is particularly accelerated when the coarse
sand content in the soil is high. Therefore, increasing the wear resistance of tillage machines’ working bodies is an urgent
task, as it allows to extend their service life, reduce equipment downtime and increase the energy efficiency of agricultural
production [4; 2; 7].

Materials science has developed a number of approaches to protecting parts from wear. Traditionally, wear-re-
sistant steels or heat treatment (quenching) are used to harden the surface. In addition, hard coating technologies have
become widespread — from surfacing of carbide layers to gas-thermal or diffusion application of ceramic and composite
coatings [4; 7]. A properly selected coating can significantly reduce the wear of tillage tools in the abrasive environment
of the soil [1]. At the same time, each of these methods has certain disadvantages. In particular, hardening increases hard-
ness but can reduce the material’s toughness, causing brittleness. Some modern methods of surface hardening (laser and
plasma surfacing, detonation spraying, etc.) are effective against wear, but are accompanied by cracks in coatings, high
energy consumption, and environmental risks [4]. This prompts researchers to look for alternative hardening technologies
that will provide high hardness and wear resistance without these drawbacks [3].

One of the most promising areas is the electrical discharge machining of metal surfaces (electrospark alloying).
This method involves the pulsed transmission of an electric discharge between an electrode and a workpiece, which
causes the electrode material to melt for a short time and be applied to the surface of the workpiece in a thin layer. The
resulting coating is metallurgically bonded to the substrate and has increased hardness due to the formed fine dendritic
structure and the presence of solid phases (e.g., carbides) [1]. Unlike laser or plasma surfacing, which are characterized
by high energy concentration and can cause cracking, electric spark technology uses relatively low thermal impact and
is much more economical, which makes it attractive for use in agricultural engineering [1]. The presence of a hardened
layer on the surface allows combining high surface hardness with the toughness and strength of the base material of the
part, which is especially important for tillage tools operating under severe conditions of impact and abrasive wear. Recent
studies confirm the effectiveness of electrical discharge methods for increasing the wear resistance of agricultural imple-
ments. In particular, it was found that the electrospark application of a special alloy (grade D517) to 65T steel forms a fine
dendritic structure with carbide inclusions, which reduces the rate of abrasive wear in model soil tests by about 16-21%
compared to traditionally hardened steel [1]. These results indicate the significant potential of electrical discharge machin-
ing as a means of strengthening the working bodies of tillage machines. At the same time, further study of the material
science aspects of this technology remains relevant, in particular, the effect of EDM alloying modes on the structure and
properties of the material surface layer and, as a result, on its wear resistance. This issue is the subject of further research
in this paper.

Research objective. The aim of the study is to determine the influence of electroerosion machining parameters
on improving the wear resistance of working parts of soil cultivation machines by optimising machining modes and



Tooinbcokuii gicHUK: Cinbcbke 20cN00apcmeo, Podilian Bulletin: agriculture, 151
MmexHiKa, eKOHOMIKA engineering, economics

establishing the most effective technological parameters that ensure maximum increase in the service life of parts under
operating conditions in an abrasive soil environment.

Presentation of the main research material. Increasing the wear resistance of machine parts is possible by the
following methods: structural; technological; operational [5—7].

The design possibilities for increasing the wear resistance of machine parts are quite diverse, but they all boil
down mainly to improving the operating conditions of the parts (eliminating external friction, improving friction con-
ditions, etc.).

Operational methods for increasing wear resistance include optimizing operating modes, timely maintenance and
repair of friction units, etc.

The most significant increase in the wear resistance of parts operating in an abrasive mass is possible by the tech-
nological methods shown in Fig. 1 [5-7; 9].

Technological methods

; ! ' !

Material selection Optimization of the Choosing a method Selection of wear-
details structure bulk hardening resistant
and properties of alloys coatings or overlays

Fig. 1. Technological methods of increasing the wear resistance of parts

The choice of material should be made depending on the operating conditions of the part — stress state, external
friction conditions, temperature conditions, and environmental properties [8].

The technical requirements for tillage machine disks for domestic equipment stipulate that they should be made of
65T steel or its substitute, M76 steel and 45 steel with a heat treatment for a hardness of 39-44 HRC. Disks from foreign
manufacturers are made of more wear-resistant steels, including 28 MnB5 steel from Bellota and Earth Metal from Case.
The steel sheet used to make these wheels is rolled in two perpendicular directions, and the wheels are subject to complex
heat and shot blasting treatment. The cost of such disks is 2,0-2,3 times higher than the cost of domestic disks and has
20-30% higher wear resistance [8]. The use of high-quality metals and alloys is economically impractical, so the solution
should be sought in the use of methods of local hardening of working surfaces.

The following types of surfacing are used for the working bodies of machines operating in abrasive mass: manual
gas bar surfacing with Sormite Ne 1; arc powder tape surfacing; multi-electrode electroslag surfacing; plasma surfacing;
induction surfacing.

In agricultural engineering, 90% of all hardening work is done by induction surfacing [8]. The main disadvantage
of this method is the high cost of surfacing alloys.

To increase the wear resistance of disk implements, the working surface is subjected to volumetric heat treatment.
When choosing a heat treatment for steel, it is necessary to be guided by obtaining the highest hardness with sufficient
toughness (depending on the strength conditions). It is also necessary to take into account the most rational steel structure
for abrasive wear.

In the process of impact abrasion, the wear resistance of carbon steels depends not only on hardness but also on the
composition and structure of the steel. Steels with a carbon content of about 0,7% have the highest wear resistance. Steels
with a higher carbon content have lower wear resistance due to brittle decomposition. With a carbon content of less than
0,7%, steels undergo plastic deformation and wear more [7].

In the work of A.L. Sidashenko [10], it is recommended to surfacing the working edge with a T-590 electrode,
4 mm in diameter, with a welding current of 260-280 A from the outside at a distance of 1-5 mm from the edge of the
disk. As a result of the operation of such disks, an increase in durability by 2,5-3,5 times compared to serial ones and an
improvement in the process of self-sharpening were observed.

Recently, the method of metal EDM has become increasingly widespread. EDM is included in modern technolo-
gies as one of the most promising ways to manufacture and process parts made of difficult-to-machine materials, which
will reduce the labor intensity and cost of manufacturing and processing processes.

The first to describe the process of metal erosion under the action of electric current was the English scientist
J. Priestley (late eighteenth century). The first electrical discharge unit was created by Soviet scientists B.R. Lazarenko
and N.I. Lazarenko (1943) [8].

EDM is a change in the shape, size, roughness and surface properties of workpieces under the influence of electri-
cal discharges as a result of electrical erosion.
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Such processing is characterized by a number of positive features, as noted in many works:

— practical independence of processing speed, quality, and productivity from the physical and mechanical prop-
erties of the materials being processed;

— no need for special tools or abrasives harder than the material being processed,;

— asignificant reduction in material consumption;

— the relative simplicity of the technology;

— the possibility of local processing of large-sized products without the use of special large machines;

— the prospect of full mechanization and automation;

— high productivity and cost-effectiveness, and reduced processing time.

But despite the positive aspects, EDM has not been widely used in industry because:

— not studying the impact of surface quality on the performance of parts;

— internal tensions may arise;

— itis impossible to control the surface quality to obtain characteristics in a given ratio.

Due to all the above disadvantages of EDM, it is used in industry only for preliminary (rough) machining.

The most widely used method for strengthening the metal surface is the electro-pulse method of electrical dis-
charge machining, as it has the best technical and economic indicators [8].

Research and implementation of electrical discharge machining of metals in Ukraine was carried out by: Orzhon-
ikidze Iron and Steel Works, Odesa National Polytechnic University, Kharkiv Polytechnic University, Kharkiv Bearing
Plant, and IMESG.

Undoubtedly, the above-mentioned capabilities of electrical discharge machining of metal surfaces distinguish this
method from other hardening methods. Despite this, the mechanism, the nature of wear, and the possibility of self-sharp-
ening of the surface of tillage machine working parts hardened by EDM remain unexplored.

The analysis leads to the solution of fasks:

— develop a methodology for conducting laboratory and operational research;

— to experimentally investigate the effect of technological parameters of electrical discharge machining on the
wear resistance of samples and working bodies of tillage machines;

— to conduct comparative operational studies of serial and reinforced tillage tools.

The object of research is the process of forming coatings on steels to increase the wear resistance of tillage
machines.

The subject of the study is the regularities of the formation of coatings with specified tribotechnical characteristics.

The purpose of the study was to determine the effect of technological parameters of the method of electrical dis-
charge machining, such as current strength, arc voltage, coolant temperature on the relative wear resistance.

The study was conducted on samples of 65I" steel, 45 steel, and X12 steel. The EDM was performed on the
01.10.016A unit (Fig. 2).

a) b)

Fig. 2. General view (a) and schematic diagram (b) of the installation for EDM 01.10.016A:
1 — electric motor; 2 — workpiece; 3 — belt drive; 4 — electrode-tool; 5 — bath; 6 — bath drive; 7 — bed;
8 — control cabinet; 9 — power supply; 10 — control flywheel
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The hardened layer is obtained by melting the metal of the workpiece at the point of contact and taking it into the
bath. The heated surface of the workpiece cools quickly due to the dielectric medium, hardening to a hardness of HRC
40-65.

The distribution of microhardness along the depth of the treated layer was studied at four points at a distance of 5,
10, 15, and 20 mm from the end of the treatment. The riveted layer formed by cutting the samples was removed by deep
chemical etching. The surface hardness was determined using a portable hardness tester T-UD2 (Fig. 3). Hardness meas-
urements were performed in accordance with ASTM A1038. This method is most suitable for controlling the hardness of
hardened surface layers, since the depth of penetration of the index is usually in the range of 30—50 um.

Fig. 3. Hardness tester T-UD2

The microstructure of the steel surface after EDM treatment was studied using a Neophot-32 microscope. Obser-
vations were made using the method of light and dark fields in polarized light, with a change in magnification.

To test steel samples hardened by EDM for wear resistance, taking into account technological limitations regard-
ing the possibility of EDM and the need to simulate real wear conditions of working bodies, we used installation of the
“impeller” type (Fig. 4).

Fig. 4. Scheme of testing by the improved “impeller” method: 1 — shaft holding the samples; 2 — cylinder;
3 — abrasive mass; 4 — samples; 5 — multi-sectional disk that creates the required density of the abrasive mass

The test specimens were made of X12 steel, 65I" steel, and 45 steel. The size of the prototype (Fig. 5) was
70 x 70 x 6 mm.

The inclination of the samples to the plane of rotation was 17 °, which intensifies the wear process and promotes
mixing of the abrasive medium. The abrasive mass changed after each sample traveled 100 km.

The shaft-holder (Fig. 6) was driven by the spindle of the vertical boring machine 2E78P (Fig. 7), which allows
changing the sample speed from 15,5 to 715,9 m/min (from 0,26 to 11,94 m/s).

The mass wear of the sample was determined on a laboratory balance CP 34001 S by Sartorius (Germany).

The friction path was assumed to be 500 km. During this path, the sample was monitored for weight loss 5 times, or
every 100 km. The following factors were taken as constant: travel speed — 125,28 m/min (7,5 km/h); soil pressure on the
sample — 1,25 kG/cm? (122,6 kPa). Quartz sand with a fraction size of 80—100 microns was used as a working medium.
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Fig. 6. Shaft holder with prototypes: 1 — prototype; 2 — shaft holder; 3 — 2E78P machine

The following was proposed as an optimization criterion in the study: cW — wear resistance, km/h.

"

Fig. 7. General view of the wear test setup

The research factors are: 1. Current strength, A; 2. Current voltage, V; 3. Temperature of the cooling (dielectric)
medium, °C.
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The choice of the experimental area of the factor space was made taking into account the a priori information that
the best conditions for the process of EDM are those that are achieved.

To confirm the validity of the experiment, the factors were changed at 2 levels. In order to describe the mathemat-
ical model, a Box-Benken experiment was planned.

Operational studies of reinforced and serial working bodies of disk tillage tools were conducted during 2023-2024
at Starokotelnyanske LLC, Andrushiv district, Zhytomyr region, using universal disk units YJIA-4.5.

In order to optimize the technological parameters of the EDM process, a multifactorial active experiment of type
23was conducted, in which the influence of technological parameters of EDM on the wear resistance of the treated surface
was studied. The experimental data obtained were processed using the application programs Microsof Excel and Maple
14 on a PC. As a result of the study, the regression equation was obtained in a decoded form:

— for 65T steel:

c, =—485,97+0,9127 +17,2U,+0,444¢.—0,00066/U , —

; (1)
—0,0000781%, +0,0041U,£. —0,001272 —0,194U,2 —0,0099¢ 2

— for X12 steel:

o, =—825,32+1,8521+27,561U,+1,056¢.—0,0021U, + . 2)
+0,000071¢.+0,003U ¢.—0,002/>—-0,306U,> —0,019¢,2 ’
— for steel 45:

6, =—368,2+0,617+13,7U, +0,08. —0,00028 U, + . )
+0,0001917. +0,0075U,£. —0,000857> —0,16U,> —0,0079¢.>"

When analyzing the equations for determining the zone of extremes, the regression equations were differentiated
by the variable factors and the resulting expressions were set to zero. By solving these systems, the values of the factors
at the point of optimum were obtained:

— for 65T steel:

1=374 A, U,=44,1V, .= 30 °C, wear resistance was o,,= 66,57 km/h;

— for X12 steel:

1=3755A,U,=43,385,V, 1,=30,5°C, wear resistance was o,,= 143,07 km/h;

— for steel 45:

1=3725A,U,=44,2,V, t.= 30,5 °C, wear resistance was o, = 46,01 km/h.

For further study of the mathematical model, we used the method of two-dimensional sections, which resulted in
the following: a) response surfaces and contour plots of the effect of voltage and temperature of the cooling medium on
wear resistance (Fig. 8); b) response surfaces and contour plots of the effect of current and temperature of the cooling
medium on wear resistance (Fig. 9); c) response surfaces and contour plots of the effect of current and voltage on wear
resistance (Fig. 10).

63,5
67.9 .
50— ! !
695 h-.‘%'hﬁésv.7‘—-'—“'_
S = 404

64 57

30 {——tor——= 68,7 —p——————
59 51

54 5°

a1 43 45 47 49
Us,

a) b)

Fig. 8. Response surface (a) and contour graph (b) of the effect of stress and temperature
of the cooling medium on the wear resistance of 65I" steel
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Analyzing the results obtained, we can conclude that regardless of the steel grade, the rational modes of EDM are:
current 350—450 A, voltage 45 V, dielectric medium temperature 30—40 °C.

From the presented graphs (Figs. 8—10), it can be seen that the most significant effect on the wear resistance of the
treated surface is the current strength, since the quality of the melting of the surface layer and the depth of EDM depend
on it. Another significant factor is the temperature of the dielectric cooling medium: with an increase in the temperature
of the cooling medium, the surface cooling rate cannot satisfy the conditions (200 °C/s) for the formation of martensitic
structures, and with a decrease in temperature, internal stresses arise in the hardened surface, which lead to the formation
of microcracks.

60

S04-H-f-ss.9tf—
I

- 59,7
4o 63,3
67,1
1 67,1
304 SERARSNENSNNEREE i
59,1
55,9

204

104l : A
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Fig. 9. Response surface (a) and contour plot (b) of the effect of current strength and coolant temperature
on the wear resistance of 65I'steel
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Fig. 10. Response surface (a) and contour plot (b) of the effect of current and voltage
on the wear resistance of 65I" steel

Taking into account previous studies of the influence of technological indicators of EDM on the hardness and wear
resistance of steel, the samples were hardened at the following conditions specified in Section 4.1: current 450 A; voltage
45 V; temperature of the working medium (water) 35 °C.

In the course of the study, the dependence of the microhardness distribution on the depth of the hardened layer
after EDM was established.

The obtained results make it possible to conclude that, under EDM, the microhardness of the surface layer of steel
X12 increases to 12—-12,8 GPa, steel 65I" — to 10,5-11,2 GPa, steel 45 — to 7,3-8,2 GPa. Such surface hardness makes
micro-cutting processes impossible (under normal operating conditions) during abrasive wear of the working bodies of
tillage tools, so the microhardness of the most abrasive mineral that is part of the soil (quartz) is 9,8—12,7 GPa.
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Surface hardness is not always the main indicator of a metal’s wear resistance; its chemical composition and struc-
ture have a significant impact on its wear resistance.

Changes in the chemical composition of the studied steels are typical, so it can be argued that regardless of the
steel grade, during the process of EDM treatment on the installation 01.10.016A, the surface layer is saturated with such
chemical elements as Mn, Si, S, Ni, Cr, and the content of Cu, P decreases.

Studies of structural transformations have shown that as a result of EDM, a wear-resistant layer with a fine mar-
tensitic structure is formed (Fig. 11), regardless of the operating conditions. This is due to the fact that the study was
carried out at a working medium (water) temperature in the range of 20-60°C, and this temperature provides cooling of
the treated surface at a rate of more than 200 °C/s, which is necessary for the formation of martensitic structures. During
EDM, a high adhesion strength of the alloyed layer with the base material is formed, i.e., a high adhesion strength of the
hardened layer with the base.

Fig. 11. Cross-sectional structure of a 65I" steel sample after electrical discharge machining

As a result of the study of the wear of the disks of the universal disk unit YA, it was found that the wear resist-
ance of the disks does not differ significantly for each group, even though these disks have some design differences (tooth
shape) (Fig. 12).

Fig. 13 shows a diagram of the operating time to the limit state of disks made of different materials and with dif-
ferent methods of hardening.

Fig. 12. Types of teeth used in the study

As can be seen from this diagram, the discs made of 651 steel and hardened by EDM with simultaneous sharpening
(30° sharpening angle) have the highest wear resistance.

The revealed wear patterns of hardened and serialized working tools support the friction surfaces (Fig. 14).

The hardened areas have a relatively flat surface (Fig. 14), and the non-hardened area of the tooth is covered with
small scratches. Based on the above, it can be concluded that in the process of abrasive wear on the surface after electrical
discharge machining, there is no process of microcutting by abrasive particles, but a polishing effect is observed, this
phenomenon indicates the superiority of plastic deformation over other components of abrasive wear.

Conclusions. The rational modes of electrical discharge machining of steels are: current 350450 A, voltage 45V,
temperature of the dielectric (working) medium 30-40 °C, which made it possible to obtain wear resistance: for 65I"
steel — 66,57 km/h, for X12 steel — 143,07 km/h, for 45 steel — 46,01 km/h.
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Fig. 13. Operating time of disks to the limit state: 1 — serial disks made of steel 45; 2 — serial disks made
of steel 65I'; 3 — disks made of steel 65I" with bulk hardening of 810-830 °C and medium tempering
with very precise holding at a temperature of 460—480 °C; 4 — disks made of X12 steel; 5 — serial disks made
of 28MnBS steel; 6 — disks made of 65I" steel and hardened by EDM method with simultaneous sharpening
(sharpening angle 17 °); 7 — disks made of 65T steel and hardened by T-590 electrode; 8 — disks made of 65I" steel
and hardened by EDM method with simultaneous sharpening (sharpening angle 30 °)

Fig. 14. Typical view of the friction surface of the working body hardened by EDM

Regardless of the steel grade, the microhardness of the layer after EDM treatment is maximum on the surface (for
X12 steel — 12—12,8 GPa, 65T steel — 10,5-11,2 GPa, 45 steel — 7,3—8,2 GPa) and gradually decreases as it deepens, and
turns into the microhardness of the base, which makes it possible to use this method of hardening to increase the wear
resistance of tillage machine parts.

The surface layer after electrical discharge machining is saturated with such chemical elements as Mn, Si, S, Ni,
Cr, and the content of Cu, P decreases, which contributes to the surface layer with improved physical and mechanical
properties.

As aresult of electrical discharge machining, a fine martensitic structure is formed in the treated layer, which con-
tributes to increased wear resistance.

After conducting operational studies, it was found that the wear resistance of tillage machine working bodies hard-
ened by electrical discharge machining is 1,76 times higher than that of serial ones. During operation, such disks exhibit
the effect of self-sharpening, and the coefficient of shape change remains almost unchanged throughout the entire period
of operation.

Prospects for further research. In further research, it is advisable to focus on the comprehensive optimization of
the parameters of electrical discharge machining, taking into account the specifics of the alloys used to manufacture the
working bodies of tillage machines. It is equally important to study the effect of working medium modifiers (powder addi-
tives, nanocomposites) on the stability of erosion discharges and the homogeneity of the treated layer. At the same time,
it is necessary to conduct an economic and environmental analysis to assess the feasibility of scaling the process for mass
production in terms of energy consumption, resource conservation, and minimization of harmful emissions. In addition, it
is worth considering the possibility of integrating electrical discharge machining with other hardening technologies (e.g.,
laser or ion plasma), which will open up new combinations of surface properties.
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NIJIBUIEHHSA 3HOCOCTINKOCTI POBOYUX OPTAHIB IPYHTOOBPOBHUX
MAIIWH METOJIOM EJIEKTPOEPO3IMHOI OBPOBKH

Anomauisn

YV pobomi ecmanosneno egpexmugni mexnonoeiuni napamempu enekmpoepo3siinoi 06pobxu 01 nioguwenHs 3HOCOCMIUKocmi
cmaneti, AKi npayioioms 6 yMo8ax abpasueHo20 3HOULY8AHMA. YCMAHOBIeHO, WO ONMUMATbHUMU MEXHON0IYHUMU NaApaMempamu
enekmpoeposiiinoi 06podku e: cuna cmpymy — 350-450 A, nanpyea — 45 B, memnepamypa pobouoco cepedosuwja — 30—40 °C. 3a
pe3ynbmamamu npo6edeHux 00CAI0ANCeHb YCIMAHOBIEHO, WO HAUOLIbL CYMMESO HA 3HOCOCMILIKICMb 00POONeHoi nogepXHi nausac cuia
cmpymy, OCKinbKu 80 Hei 3anexcamy AKICMb PO3NIABIEHHs NOBEPXHeB020 wiapy ma 2aubuna oopobxu. Taxodc cymmesum YuHHUKOM €
memnepamypa OieneKmpuiHo20 0X0N004CYBAIbHO20 cepedosuwla. y pasi 30inbluents memMnepamypu 0Xon00i4Cy8aIbHO20 Ceped0sULd
WBUOKICIb OXON00JICEHH N0GepxHi He Modice 3adogonvhumu ymosu (200 °C/c) ymeopenHus mapmencumuux cmpykmyp, a 8 pasi
3MEHUWEeHHs MeMNePAmypu y 3MIYHEHIll NOBEPXHI GUHUKAIOMb 6HYMPIWIHI HANPYIJCEHHS, SKI NPU3B005Mb 00 YMEOPEHHA MIKDOMPIUUH.
V pesynomami enexmpoepositinoi 0bpobxu mixpomeepodicms 06podnenozo wiapy nioguuyemocs o cmani X12 y mescax 12—12,8 I'lla,
ona cmani 651"y meocax 10,5-11,2 I'lla, ons cmani 45 y meocax 0o 7,3-8,2 I'Tla. ITiosuwennss meepoocmi 6i00yeaemvcst 3a809Ku
gopmysannio OpibHozoruacmoi cmpyKmypu mapmencumy ma ne2ysants nogepxueoeo wiapy Mn, Si, Ni ma Cr.

Vemanosneno, wo suxopucmanns enekmpoepositinoi 06pobxu nioguwye snococmitixicms cmani 651 3a excniyamayii na pisHux
30 MEXAHIYHUM CKAA0OM IPYHMAX, 3 GIOMIHHUMU 61ACTUBOCIIAMU AOPA3UEHO20 Ceped0sUa Ma PI3HUMU 308HIUHIMU YUHHUKAMU 6
cepeonvomy na 60-80%.

3acmocysanns enexmpoeposiiinoi 00podKu 0 3MiYyHeHHs POOOYUX OP2aAHIE OUCKOBUX TPYHMOOOPOOHUX 3HAPAOb, BUSOMOGLEHUX
31 cmani 651, 0o36015€ nidguwUmMU 3HOCOCMILUKICMb NOPIGHAHO 13 cepilinumu — 6 1,76 pasza, 3 poboYor NOGEPXHEID, 3MIYHEHOK
enekmpooom T-590, — 6 1,1 paza, 3 pobouumu opeanamu Qipnu “Bellota” (sucomoenenux 3i cmani 28MnB5) — 6 1,16 paza. Okpim
moeo, nio yac excnayamayii pooouux op2amis, SMiyHeHUx enekmpoeposilinoio 0OpobKoIo, cnocmepizascs egexm camo3azocmplosanis,
Wo CRPUALO 3MEHUIEHHIO MA208020 Onopy Ha 4—16% nopienano i3 cepitinumu.

Knrouosi cnosa: cmanv, meepoicms, enekmpoepositina 0opooKa, 3HOCOCMILKICMb.
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